The Kazan F 1 carrot was cultivated in years [2004][2005] in open-work containers sized 60×40×20 cm filled in with silt loam and located on the open field under shade providing fabric. The following combinations of experiments were arranged: (1) control -without foliar nutrition, and foliar nutrition with: (2) urea, (3) solution of urea+Mo, (4) urea+Mo+BA (benzyladenine -BA), (5) urea+Mo+BA+sucrose, (6) BA in the concentration of 5 mg·dm -3 and (7) BA in the concentration of 10 mg·dm -3 . In combinations 2-5 the following concentrations of components in solution were applied: urea and sucrose each in 20 g·dm -3 , molybdenum 1 mg·dm -3 , benzyladenine 5 mg·dm -3 . Foliar nutrition was applied three times. In leaves sprayed with urea and with solution of urea+Mo as well as urea+Mo+BA, an increased concentration of NO 3 ⎯ was observed when compared to other sites. Foliar nutrition did not result in any significant changes in content of N-total and dry weight in leaves. Foliar application of urea, as well as the solution of urea+Mo+BA, caused an increase in the activity of nitrate reductase (NR) in leaves when compared to the control. Whereas, after spraying the plants with BA only, a noticeable decline in NR activity was revealed in comparison with the control; interestingly, a higher concentration of BA (10 mg·dm -3 ) was more effective. Foliar nutrition with urea+Mo+BA+sucrose and spraying with benzyladenine only (independently from the concentration) resulted in a significant decrease of the content of NO 3 ⎯ in storage roots when compared to other combinations. The highest level of nitrogen uptake by single storage root and leaves of one carrot plant was found after urea+Mo+BA+sucrose nutrition. In case of N uptake by yield of leaves and biological yield of whole carrot plants (roots+leaves) the highest values were observed in combination no. 6.
Summary
The Kazan F 1 carrot was cultivated in years [2004] [2005] in open-work containers sized 60×40×20 cm filled in with silt loam and located on the open field under shade providing fabric. The following combinations of experiments were arranged: (1) control -without foliar nutrition, and foliar nutrition with: (2) urea, (3) solution of urea+Mo, (4) urea+Mo+BA (benzyladenine -BA), (5) urea+Mo+BA+sucrose, (6) BA in the concentration of 5 mg·dm -3 and (7) BA in the concentration of 10 mg·dm -3 . In combinations 2-5 the following concentrations of components in solution were applied: urea and sucrose each in 20 g·dm -3 , molybdenum 1 mg·dm -3 , benzyladenine 5 mg·dm -3 . Foliar nutrition was applied three times. In leaves sprayed with urea and with solution of urea+Mo as well as urea+Mo+BA, an increased concentration of NO 3 ⎯ was observed when compared to other sites. Foliar nutrition did not result in any significant changes in content of N-total and dry weight in leaves. Foliar application of urea, as well as the solution of urea+Mo+BA, caused an increase in the activity of nitrate reductase (NR) in leaves when compared to the control. Whereas, after spraying the plants with BA only, a noticeable decline in NR activity was revealed in comparison with the control; interestingly, a higher concentration of BA (10 mg·dm -3 ) was more effective. Foliar nutrition with urea+Mo+BA+sucrose and spraying with benzyladenine only (independently from the concentration) resulted in a significant decrease of the content of NO 3 ⎯ in storage roots when compared to other combinations. The highest level of nitrogen uptake by single storage root and leaves of one carrot plant was found after urea+Mo+BA+sucrose nutrition. In case of N uptake by yield of leaves and biological yield of whole carrot plants (roots+leaves) the highest values were observed in combination no. 6. key words: benzyladenine, carrot, foliar nutrition, nitrate, nitrate reductase, nitrogen, molybdenum, sucrose
INTRODUCTION
The biological value of vegetable yield is determined not only by a high content of elements beneficial for human health but it also depends on a low level of the harmful substances. Nitrate, among others, belongs to the controlled chemical compounds presenting a major threat to human health. Hence, a problem of searching for effective ways of nitrate content reduction in edible parts of vegetables, especially those consumed by children, is a subject of current interest. Maximum allowable concentration of these elements in food products for children in the EU is 200 mg NO 3 ·kg -1 f. (Rydz 2001 , Stancheva et al. 2004 , Wojciechowska et al. 2005 . Other results indicate that cytokinins can indirectly affect the level of nitrate in plant tissue by increasing the activity of nitrate reductase (NR), an enzyme which reduces NO 3 ⎯ ions. The issue of synergist cooperation of cytokinins and nitrate in the stimulation of NR activity has been researched for years (Steer 1976) . Banowetz (1992) examined the increase in NR induction in wheat seedlings under the influence of benzyladenine (BA). Yu et al. (1998) discovered that BA affected a rapid growth of transcription of Nia1 gene (coding nitrate reductase) in Arabidopsis thaliana seedlings and in consequence the significant increase in NR activity was observed. Induction of this enzyme occurred after the application of the cytokinin to the nutrient medium as well as directly on the leaves.
An equally interesting issue is the participation of sugars in plant nitrogen metabolism. High sugar supply improves and increases consumption of mineral nitrogen, which, in turn, enables the synthesis of organic nitrogen compounds crucial for plant growth. The efficiency of nitrogen assimilation is proportional to the productivity of photosynthesis measured by the sugar content (MasclauxDaubresse et al. 2002) . It was demonstrated that glucose affects the activity of nitrate reductase both at the stage of NR gene transcription as well as through post-translational regulation of the enzyme (Lillo et al. 2004) . According to Morcuende et al. (1998) sucrose supplied exogenously causes an increase in nitrate reductase activeity in tobacco seedlings.
The aim of work was to determine the effect of foliar nutrition with nitrogen, benzyladenine, sucrose and molybdenum on nitrogen metabolism in leaves and carrot storage roots, with emphasis on nitrate conversion in particular. The following combinations of experiments were arranged: (1) control -without foliar nutrition, and foliar nutrition with: (2) urea, (3) solution of urea+Mo, (4) urea+Mo+BA (benzyladenine: BA), (5) urea+Mo+ BA+sucrose, (6) BA in the concentration of 5 mg·dm -3 and (7) The analyses of plant material was performed immediately after harvesting in the fresh plant material. In carrot leaves the level of nitrate reductase activity (NR) was evaluated by in vivo method (Jaworski 1971) and the content of assimilation pigments was measured spectrometrically after the extraction with 80% aceton (Arnon 1949) . In leaves and storage root samples the concentration of NO 3 ⎯ and NH 4 + was assessed in extracts prepared using 0.02M Al 2 (SO 4 ) 2 ·18H 2 O with the use of ionselective electrodes; the amount of Ntotal was determined by Kjeldahl method (Persson & Wennerholm 1999) , the content of dry weight in 105°C. On the basis of crop quantity of top leaves and storage roots (the results of carrot yield are a subject of a separate publication -Smoleń & Sady 2009), as well as the determined content of total N, the average level of N uptake (taken with yield) by storage root and leaves of one carrot plant was calculated.
MATERIAL AND METHODS

In
The soil pH H 2 O was assessed by potentiometer; total salt concentrations in soil (EC) was measured conductometrically and the content of N-NH 4 , N-NO 3 , P, K, Mg, Ca was determined after extraction with 0.03 M acetic acid (Nowosielski 1988) . The nitrogen was assessed with the microdistillation method according to Bemner in Starck modification; K, Mg, Ca was determined by the AAS method, and P by the vanadium-molybdenum method (Ostrowska et al. 1991) .
Obtained results were statistically verified by ANOVA module of Statistica 7.1 PL programme for significance level P<0.05. Changes of any significance were assessed with the use of multiple variance analysis (factors: combinations and years of study) using data from both years as repetitions (Trętowski & Wójcik 1991) . The value of LSD (least significant difference) was calculated with Duncan test. The results presented in this paper (Table 1- Detailed meteorological data during the experimental period have been presented previously (Smoleń & Sady 2008) .
RESULTS
It has been revealed that foliar nutrition had a significant effect on the content of NO 3 ⎯ , NH 4 + ions and the activity of nitrate reductase (NR) in carrot leaves (Table 1) . No comparable influence was observed in reference to dry weight and N-total. The lowest concentration of nitrate was found in carrot leaves treated with benzyladenine in concentration 10 mg·dm -3 , and next with 5 mg·dm -3 and control plants. The highest level of NO 3 ⎯ was assesed in leaves sprayed with urea+Mo, urea and urea+Mo+BA. In case of ammonium ions, the lowest concentration was revealed in leaves of plants collected from all combinations treated with benzyladenine (combinations no. 4-7), and the highest one was determined in the leaves of control plants. The lowest level of nitrate reductase activity in carrot leaves was found after application of the benzyladenine solution in the concentration 10 mg· dm -3 . Decreasing BA concentration till 5 mg·dm -3 resulted in the growth of NR activity, yet it was significantly lower than in the combinations with urea (combinations no. 2-5) and the control. Treatment with the solution of urea+Mo+BA and urea alone resulted in the highest NR activity in carrot leaves. Spraying of plants with all the solutions applied did not cause any significant changes in level of assimilation pigments in carrot leaves (Table  2) . Foliar nutrition treatments influenced the concentrations of NO 3 ⎯ , NH 4 + , N-total and dry weight in carrot storage roots to a significant degree ( Table 3 ). The lowest, comparable concentration of nitrate in carrot was determined in storage roots of plants sprayed with benzyladenine (in both concentrations) and the combination of urea+Mo+BA+sucrose. Roots of plants from other combination sites contained significantly greater amount of NO 3 ⎯ . In case of ammonium ions, the highest concentration was observed in carrot roots treated foliarly with urea+Mo, and the lowest -in leaves of control plants. Plants nourished with urea only were characterized by the highest content of N-total and the lowest one was found after spraying of plants with BA in the concentration 10 mg·dm ). The same effect was observed in reference to average nitrogen uptake by yield of leaves and biological yield of carrot plants (roots+leaves) -in g N·m -2 (Table 4) . Spraying plants with the solution of urea+Mo+BA+ sucrose led to the highest nitrogen uptake by a single root, by leaves and whole plant. In this case, as well as in combination no. 6 (BA-5) the greatest amount of nitrogen uptaken by yield of leaves and biological yield of carrot plants was noted. The lowest level of N uptake by a single root was revealed after foliar nutrition with urea exclusively. Reduction in nitrogen content in leaves together with the lowest N uptake by its yield were revealed in the control. In addition, the lowest level of nitrogen uptake by yield of carrot plants (roots+leaves) was noted in control and combination no. 2 (treatment with urea exclusively). Table 1 After carrot cultivation, the lowest concentration of N-NO 3 and N-NO 3 +N-NH 4 in soil were noted when plants were sprayed only with benzyladenine in both concentrations and the highest values of those compounds were found in soil after cultivation of plants receiving foliarly only urea (Table 5 ). In case of N-NH 4 the lowest concentration in soil was noted in the combination in which plants were sprayed with urea+Mo+BA+ sucrose and the highest in soil after cultivation of plants receiving foliarly only urea. Table 1 DISCUSSION The lowest content of nitrate was determined in carrot leaves and storage roots after foliar application of benzyladenine in both concentrations i.e. 5 and 10 mg·dm -3 (and in leaves in case of control). Spraying with the combination of urea+Mo+BA+sucrose resulted in very low level of nitrate in storage roots in comparison with other foliar nutrition treatments. Interestingly, foliar nutrition applied in these three solutions mentioned above led to the increase in the content of soluble sugars in roots. In case of urea+Mo+BA+sucrose mixture and BA applicated as a solution of 5 mg·dm -3 , a higher content of carotenoids and greater mass of whole plant was obtained (the results of foliar nutrition on the yield and on the content of soluble sugars and carotenoids in carrot are a subject of a separate publication -Smoleń & Sady 2009 ). These results point to a stimulating effect of benzyladenine and sucrose in the applied combination on sugar level (and other cell components), which was reflected in a significant increase in the percentage content of dry weight and a decrease of N-total content in storage roots (Table 3) . Increased level of non-nitrogen organic compounds (such as sugar) in plant tissue is often accompanied by lowered nitrate content (Behr & Wiebe 1992) . Usually it results from a rise in photosynthesis productivity of plants. Yet, spraying carrot plants with the solutions applied in this experiment did not cause any significant changes in the content of assimilation pigments in leaves.
The experiments did not corroborate assumptions that a lowered content of NO 3 ⎯ in carrot leaves could have been a result of a higher activity of nitrate reductase. Mostly it was the use of BA that decreased NR activity. Observed correlation is difficult to explain. The level of examined parameters was assessed just after harvesting of the carrot crop in the final phase of plant growth i.e. in 22 and 35 days after third foliar nutrition treatment -for 2004 and 2005 respectively. Thus, NR activity reflected events which took place during the whole vegetation cycle. The lower activity of NR, when compared to other sites, in the leaves sprayed with BA only (in both concentrations) can be linked with the lower content of NO 3 ⎯ (a substrate of this enzyme) in leaves and roots of those plants. Moreover, applied cytokinin could have resulted in the change in the twenty-four-hour cycle of nitrate reductase. There is some evidence that prove that such an influence is possible (Rożek & Wojciechowska 1990 , Banowetz 1992 ). On the other hand, the use of BA in 5 mg·dm -3 concentration but in combination with urea (no. 4-5) did not have such an effect. Those observations can be explained by a stimulating influence of foliar nutrition with urea on the NR activity in both leaves and roots of carrot plants, what was already demonstrated in earlier works . In carrot leaves with urea applied foliarly and simultaneously fertilized with NH 4 NO 3 3.7-time increase of NR activity was noted in the moment of harvesting in comparison to the period just before the last foliar application. Furthermore, urea applied foliarly (with no reference to nitrogen form applied into the soil) resulted in a significant increase in NR activity in leaves when compared to unfertilized plants . Similar correlations were observed in carrot roots .
Foliar nutrition with urea only did not result in increased level of ammonium ions in leaves in compareson to control plants (such correlation was noted only in roots after the application of urea and molybdenum mixture). Similar observation was made in experiments with lettuce (Wojciechowska 2004) . These results can be the evidence of fast conversion of amide form into ammonium ions, which are then directly incorporated into plant organic compounds (Masclaux-Daubresse et al. 2002) . Foliar nutrition with urea, fulfilling plant demand for nitrogen to a large degree, can contribute to the reduction in N-NO 3 uptake from soil, what was confirmed by the results presented in Table 5 . However, effective lowering of the nitrate content in carrot roots occurred only after foliar application of urea + molybdenum + benzyladenine + sucrose mixture.
CONCLUSIONS
The presented results demonstrated a variable effect of foliar nutrition with urea, benzyladenine, sucrose and molybdenum on nitrogen metabolism in carrot plants. Application of benzyladenine only in concentrations 5 and 10 mg·dm -3 caused a significant decrease in nitrate content in carrot leaves and storage roots when compared to the use of solutions containing urea. A similar reduction in NO 3 ⎯ level was found in roots after application of urea+Mo+BA+sucrose solution. The lowest activity of nitrate reductase was observed in carrot leaves sprayed with benzyladenine in the concentration of 10 mg·dm -3 , while the highest one -after application of urea+Mo+BA combination and urea only. Foliar nutrition with applied solutions had no significant effect on the content of assimilation pigments, N-total and dry weight in carrot leaves. Storage roots of plants nourished with urea only revealed the highest content of N-total, and the lowest N-total level after plant spray with BA in the concentration 10 mg·dm -3 . The greatest nitrogen uptake by a single root was obtained after spraying plants with the mixture of urea+Mo+BA+sucrose. In this case, as well as in combination BA-5, the highest N uptake by yield of leaves only and biological yield of whole carrot plants was noted.
